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1. Introduction
Guar gum is a naturally occurring polysaccharide
extracted from the endosperm of Cyamopsis tetrag-
onalobus and structurally is a galactomannan with
a galactose to mannose ratio of approximately 1:2
[1]. There has been some discussion regarding the
distribution of the galactose on the mannose back-
bone, investigations have indicated that the distri-
bution is not uniform but occurs in blocks with
galactose rich and deficient regions [2, 3]. These
galactose deficient regions are not soluble in water
while the galactose rich portions are extremely sol-
uble, resulting in the polymer forming a colloidal
solution in water. In spite of this, guar gum and its
derivatives are extremely water soluble, hydro-
philic polymers, the solutions of which are highly
viscous in nature. This property has allowed these
polymers and their derivatives to be commercial-
ized in fields such as textiles [4, 5], foods [6], cos-
metics [7], pharmaceuticals [8] and oil recovery
and drilling [9, 10].
Unsaturated polyester resins are widely used com-
mercial thermosetting resin which are used neat
[11], with fillers [12] and reinforced using fibres
[13]. Apart from the addition of a separate phase in
the polymer matrix, the unsaturated resins have
been modified by the use of various reactive dilu-
ents [14], reactants [15] and by tailoring the poly-
mer backbone to suit requirements of various
applications [16].
The use of guar gum or its derivatives in polymers
matrices as fillers has not been investigated in
depth. The use of other naturally occurring, renew-
able polysaccharides as fillers has been focused on
starches [17], lignin [18], wood flour [19] and sim-
ilar materials in mainly thermoplastic polymers.
The few studies where guar gum or its derivatives
have been used as fillers include the use of guar
gum in a polyurethane-polyacrylonitrile interpene-
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zoylated guar gums in a quaternised polysulphone
polymer matrix [21]. This study attempts to fill in
the lacunae in the information available on the use
of guar gum and its derivatives as fillers in an
unsaturated polyester matrix.
In this investigation, guar gum and hydroxypropyl
guar gums were used as fillers in a conventional
unsaturated polyester matrix. The mechanical prop-
erties were studied with respect to concentration of
fillers added as well as the effect of hydroxy-propy-
lation of the derivatives. Guar gum is obtained from
natural sources and is hence a renewable resource,
biodegradable and non-toxic. The chemical modifi-
cation of guar gum, in this case hydroxyl-propyla-
tion, is not restricted to the surface of the filler, as
in the case treatment of mineral fillers, but occurs
throughout the polymer chain and the polysaccha-
ride particle. Thus, the effect of the reaction with
guar gum will not only affect the polymer-filler
interaction but also change the nature of the filler.
We expect any improvement of properties to be
solely based on increased physical interaction
between filler and polymer and not due to any
chemical reaction between the two as is possible in
the case of vinyl functionalisation. This paper
attempts to investigate the feasibility of using guar
gum and hydroxypropyl guar gum as a filler in
unsaturated polyester composites, as well as the
effect of increasing hydrophobic character of the
inherently hydrophilic filler on the properties of the
composite.
2. Experimental
2.1. Materials
The unsaturated polyester resin, cobalt octoate
(accelerator) and methyl ethyl ketone peroxide (ini-
tiator) was obtained from M/s Mechamco Ltd.
India. Guar gum (GG) and hydroxypropyl guar
gum with a molar substitution of 0.4 (HPG4) and
0.8 (HPG8) was supplied by M/s Lucid Colloids
Ltd., India. The properties of guar gum and deriva-
tised guar gum are listed in Table 1 and have been
obtained from the datasheet provided by M/s Lucid
Colloids Ltd., India.
The shape of the guar gum and hydroxypropyl guar
gum particles was estimated using an optical
microscope, Olympus BX41. The rheology of the
unsaturated polyester-guar gum compositions were
studied on a RT10 Rheoviscometer using a C35/2°
cone and plate assembly. The readings were meas-
ures under constant stress.
2.2. Preparation of composites
The fillers were uniformly dispersed in the unsatu-
rated polyester resin along with the accelerator
(0.5% w/w), following which the free radical initia-
tor was added (2% w/w) and thoroughly mixed.
The filler was added on weight basis, on parts per
hundred grams of resin (phr), i. e. 2.5 phr would
refer to 2.5 grams of filler per 100 grams of unsatu-
rated polyester resin. The composition was then de-
aerated to remove any entrapped air and poured in a
metal mold maintained at 30°C. The cure cycle was
30°C/12 hours and 100°C/2 hours. The composites
had a thickness of 3 mm±1%.
The composites were machine cut into the respec-
tive shapes for testing and the edges were uni-
formly ground to remove imperfections which
could lead to errors in the test results. Prior to test-
ing the samples were allowed to stabilize at 50%
humidity and at 30°C for 7 days.
2.3. Testing of composites
The composites were tested for their tensile, flex-
ural and impact properties. The tensile strength and
percentage elongation (Specimen Type IVB) and
flexural strength (specimen dimensions 60×25×
3 mm) were determined according to ASTM D638
and ASTM D790 respectively on a Universal Ten-
sile Testing Machine, Lloyd LR 50K, UK with a
crosshead speed of 6 mm per minute for tensile and
8 mm per minute for the three point bending test.
Charpy impact, on notched specimens of dimen-
sions (80×10×3 mm with a 1 mm notch), was car-
ried out on an Avery Denison Impact tester using
2.7 J striker with a striking velocity of 3.46 m/s in
accordance with ASTM D256. Tests were carried
out on five samples and the averages have been
reported as the test results.
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Table 1. Properties of guar gum and hydroxypropyl guar
gum
GG HPG4 HPG8
Viscosity (1% solution) 1800 cps 1400 cps 1200 cps
% moisture 5–6 6–7 5–6
Ash content (wt %) 0.8–1.0 1.1–1.3 0.9–1.1
Free propanol (wt %) – <0.1% <0.1%Water and toluene absorption were studied using
three 1×1×0.3 cm chips and suspending them sepa-
rately for a period of 7 days in 100 ml solvent at
30°C. After the required amount of time the sam-
ples were removed and gently dried using a filter
paper to remove water or solvent adhering to its
surface. The increase in weight was then estimated
and the percentage increase in water or solvent was
reported.
3. Results and discussion
Guar gum is a very hydrophilic polymer and while
most resins are hydrophobic in nature, the use of
guar gum as a filler may result in a composite with
increased interfacial tension. The effect of hydrox-
ypropylation on the gaur gum would be to increase
the hydrophobic nature of the polymer, while leav-
ing the number of hydroxyl groups per pyranose
unit in the polysaccharide constant, leading to
increased polymer-filler interaction. This increase
in the polymer-filler interaction should be reflected
by an increase in the tensile and flexural strength
[22] as well in other mechanical and chemical prop-
erties. The examination of the particle shape of
guar gum using optical microscopy showed that the
guar gum particles were highly irregular in shape as
seen from Figure 1. Observation of HPG4 and
HPG8 showed similar particle shapes and sizes.
3.1. Rheology
The study of the rheology of the composition was
carried out to ascertain the degree of interaction
between the uncured resin and the filler. The con-
centration of filler taken was 2.5 phr. From Fig-
ure 2 it becomes apparent that the addition of filler
in unsaturated polyester resin results in composi-
tions with increased viscosity, which is to be
expected and has been reported in a number of
studies [23]. Further, the addition of the various
fillers results in compositions with varying viscosi-
ties. The viscosity of the composition increases
with the degree of hydroxypropylation. Thus,
HPG8 results in the most viscous composition fol-
lowed by HPG4 and GG at the same concentrations
of filler. The viscosity of the formulations was
studied at the same concentration of filler and thus
the observed increase in viscosity with degree of
hydroxypropylation was due to increased interac-
tion between the filler and polymer. An increase in
the interaction between the filler and the polymer
would result in an increased resistance to flow on
application of shear leading to the increased viscos-
ity. The increase in interaction can be attributed to
the increased hydrophobic nature of the filler with
increased hydroxypropyl content. The increase in
viscosity of a polymer-filler composition through
the increase in their interaction keeping other fac-
tors such as filler concentration, size, shape, etc.
constant has been previously reported [24].
Although the polyester is in its uncross-linked form
we assume a similar trend in the interaction
between the filler and the cross-linked polyester.
Further, evidence of the increased interaction will
be obtained from the mechanical properties of the
resultant composites.
3.2. Solvent absorption
Unsaturated polyester composites are known for
their poor resistance to aromatic solvents, due to
the use of styrene as a reactive diluent, which is
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Figure 1. Image of guar gum (GG)
Figure 2. Variation of viscosity with shear ratewhy toluene was chosen to observe the effect of
filler addition on the solvent resistance of the com-
posites. From Figure 3 it becomes apparent that the
toluene absorption reduced with the addition of
filler. The filler, i. e. GG and HPGs are hydrophilic
in nature and their affinity with toluene is quite
low. We see that the toluene absorption of the com-
posites do not show significant difference in the
absorption behaviour with use of HPG as compared
to GG. At a 2.5 phr concentration the composites
showed reduced toluene absorption which then
increased on further addition and reached a steady
state above 5 phr.
Considering the hydrophilic nature of the fillers the
water absorption of the resultant composites
becomes very important. From Figure 4 we can see
that the addition of 2.5 phr GG and HPG8 resulted
in composites with reduced water absorption,
which then increased with filler concentration. On
the other hand the addition of HPG4 based unsatu-
rated polyester composites did not show any signif-
icant increase in water absorption. The overall
observations show that above the concentration of
about 4 phr the addition of GG as a filler resulted in
composites with the greatest water absorption as
compared to HPGs. This can be explained by the
reduction in the hydrophilic character of the substi-
tuted guar gums and also by the increased polymer-
filler interaction restricting permeability of water in
the composite.
3.3. Tensile properties
In general it was observed that there was an
increase in the tensile strength of the composites
containing fillers as is graphically depicted in Fig-
ure 5. Guar gum based composites also showed an
increase in the tensile strength, indicating that there
was some degree of interaction between the filler
and the polymer matrix. The composites based on
HPG4 and HPG8 showed increased tensile strength
compared to that of GG based unsaturated poly-
ester composites. HPG8 based composites showed
the highest tensile strength followed by HPG4 and
GG based composites. This can be explained by the
increased polymer-filler interaction with increased
hydrophobic nature of the filler. The optimum con-
centration of filler was found to be at 2.5 phr and
was found to be the same for GG and HPGs. The
decrease in the tensile strength at filler concentra-
tions above 2.5 phr could be due to agglomerate
formation which would result in the formation of
stress centres in the composite contributing to initi-
ation of catastrophic failure of the composites on
the application of stress.
The percentage elongation of the composites
showed an initial decrease where they showed an
increase in tensile strength i.e. at 2.5 phr followed
by a maxima observed at 5 phr as is evident from
Figure 6. Above 5 phr the percentage elongation
decreased but was still greater than that observed
for unfilled unsaturated polyester in the case of
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Figure 3. Toluene absorption of unsaturated polyester
composites
Figure 4. Variation in water absorption
Figure 5. Variation of tensile strength with addition of
fillerHPG based composites. GG based composites
showed percentage elongation almost equivalent to
that of the pure unsaturated polyester. As in the
case of the tensile strength the composites based on
HPG8 showed the greatest increase in the percent-
age elongation. The initial decrease in the percent-
age elongation at 2.5 phr could be due to the
reinforcing effect of the filler, which resulted in an
increase in the tensile strength. At 5 phr and
beyond agglomerate formation, which resulted in a
decrease in the tensile strength, could be the cause
of the anomalous increase in the elongation. The
elongation of the composite can also increase as a
result of decreasing cross-linking density, however,
if that were the case then there should have been a
corresponding increase in the toluene absorption by
the composites, which was not observed. Hence, a
decrease in the cross-linking density as the cause of
the increased elongation can be ruled out.
3.4. Flexural properties
The flexural strength of the composites can be seen
in Figure 7 where HPGs show an increased flexural
strength, with HPG8 again resulting in the compos-
ites with greatest flexural strength. HPG8 based
composites show a maxima at 5 phr while those
based on HPG4 show an almost steady value till
7.5 phr after which it decreases. Guar gum how-
ever, results in composites with a continuous
decrease in the flexural strength with GG concen-
tration. This trend can again be explained on the
basis of increased filler-polymer interaction in the
case of HPGs as compared to GG, resulting in com-
posites with reduced internal stresses and reinforc-
ing action of the HPG particles. The decrease in the
flexural strength of the composites can be explained
on the basis of agglomerate formation at higher con-
centrations of the filler, which was also reflected in
the tensile behaviour of the composites.
3.5. Impact properties
Figure 8 shows the impact strength of the compos-
ites based on GG and HPG. The impact strength of
the HPG based composites showed a maximum at
5 phr with HPG8 surpassing HPG4 based compos-
ites. GG resulted in composites with slightly
reduced impact strength which remained almost
unaffected by the increase in filler concentration.
The increased impact strength of the HPG based
composites can be explained by increased polymer-
filler interaction as compared to GG based compos-
ites. The increased impact resistance can be
explained by the formation of a tortuous fracture
path which retards crack propagation. Further,
increased polymer-filler interaction will decrease
interfacial tension and reduce chances of crack ini-
tiation at the interface. With increasing interfacial
interaction there could also be more efficient
energy transfer to the filler particles which would
help dissipate this energy through breakage of tem-
porary bonds such as hydrogen bonds which are
abundantly present in the polymer. All these factors
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Figure 6. Variation in % elongation
Figure 7. Variation in flexural strength Figure 8. Variation in impact strengthwill contribute towards the increased impact resist-
ance of the HPG based unsaturated polyester com-
posites. At higher concentrations due to agglomer-
ate formation, as indicated by the other mechanical
properties, the impact resistance of the composites
will decrease, which explains the decrease
observed after 5 phr in the impact resistance.
From the results we see that guar gum and its deriv-
atives behave as reinforcing fillers. The hydrox-
ypropylation of the guar gum results in increased
polymer-filler interaction, both in the uncured resin
as well as in the composite as indicated by the
increased viscosity of the uncured formulation and
improved mechanical and chemical properties of
the composites. The improved performance of the
hydroxypropyl guar gum fillers has been attributed
to an increase in physical interaction. The use of
acrylated guar gum derivatives is currently under
investigation and preliminary results indicate that
the use of acrylated guar gum forms an interpene-
trating network. From these results other polysac-
charide derivatives, such as ethers, esters and graft
copolymers, of commonly available polysaccha-
rides can also be investigated for their use as fillers.
These composites can be used in applications
where increased mechanical and impact properties
are required by the use of an eco-friendly filler.
4. Conclusions
Guar gum and its hydroxypropyl derivatives were
found to behave as reinforcing fillers. The increase
in the degree of hydroxypropylation of guar gum
increased the interaction between the polymer and
polysaccharide. The toluene absorption of the com-
posites were observed to decrease with filler addi-
tion, on the other hand the water absorption
increased at filler concentrations greater than 5 phr.
Composites prepared using guar gum and hydrox-
ypropyl guar gum as fillers showed increased
mechanical properties. The composites also showed
increased elongation at 5 phr. On comparing the
efficiency of the fillers it was observed that an
increase in the degree of hydroxypropylation
resulted in composites with increased mechanical
properties. This opens an avenue for the use of sim-
ilar polysaccharides and their derivatives as fillers
in polymer composites with thermoset resins. The
advantage of using such materials lies in their
inherent bio-degradability, ease of ability from
renewable sources and non-toxicity.
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